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TRANSISTORIZED  BUILDING  BLOCKS 
FOR  DATA  INSTRUMENTATION 

Philip  G.    Stein 


A  fourth  family  of  etched-circuit  logic  cards  has  been 
developed  at  the  National  Bureau  of  Standards.     It  closely 
parallels  the  design  criteria  and  philosophy  embodied  in 
previous  work,    but  differs  in  many  respects.     Each  circuit 
description  is  separated  physically  from  the  others  to 
facilitate  use  as  an  application  manual.      Specifications, 
typical  uses,    graphic  symbols,    and  reliability  are  dis- 
cussed in  brief. 

KEY  WORDS 

Digital  Circuits  Digital  Instrumentation 

Logic  Cards  Logic  Design  Symbols 

Etched-circuit  Package  Computer  Logic 

1.     INTRODUCTION 

National  Bureau  of  Standards  Technical  Notes   68  and  168  (May  I960  and  April  1963 
respectively)  describe  a  series  of  etched-circuit  transistorized  logic  cards  for  use  in 
construction  of  small- to-medium  sized  data  processing  and  data  acquisition  systems. 
These  cards  were  designated  series  2  and  3. 

The  Measurements  Automation  group  at  NBS  constructs   small,    special  purpose  data 
acquisition  systems  for  use  in  laboratory  experiments.      These  systems  are  assembled 
from  component  modules,    which  are  in  turn  assembled  from  logic  cards.      Recently,    this 
group  has  developed  a  new  series  of  cards,   designated  MAD-i  (Measurements  Automation 
Devices).     Much  of  the  circuitry  and  design  philosophy  of  series  2  and  3  have  been  em- 
bodied in  the  design  of  the  new  cards. 

.  During  development  of  the  cards,    new   semiconductor  devices  became  available  which 
permitted  certain  advantageous  changes.      The  cards  thus  modified  are  compatible  in  all 
respects  with  the  original  ones,    and  they  may  be  interchanged  freely.      The  modified 
series  is  designated  MAD-IB,   and  all  descriptions  in  this  report  apply  to  both  versions. 

Included  in  this  report  is  a  digest  of  the  new  logic  symbols  approved  by  the  American 
Standards  Association  in  1962.      These  symbols  are  used  throughout  this   report.      Also 
included  is  a  set  of  procurement  specifications,    and  enough  information  to  allow  replica- 
tion of  any  card. 

Organization  of  the  report  is  modular,    with  removable  binding.     It  may  therefore  be 
used  as  a  handbook  for  the  logic  cards,    and  additions  may  be  easily  added  when  new  cards 
are  developed. 


2.     SPECIFICATIONS 

2.  1    All  systems  constructed  from  these  Cards  may  be  operated  at  a  frequency  of  up  to 

50kHz.     Individual  cards  have  greater  capabilities.      These  are  noted  where  applicable. 

2.  2    Ambient  operating  temperatures  may  be  between  0°C  and  50    C. 

2.  3    Power  supply  voltages  are: 

-12  volts  (careful  filtering  to  eliminate  high  frequency  transients  in  this  line  is 

necessary). 
+  12  volts. 

These  are  the  nominal  values  for  the  voltages.      Plus  or  minus  three  volt  tolerances 
are  permissible,    with  appropriate  derating  of  output  capabilities.     Any  supply  voltage 
used  should  be  well  regulated. 

2.4   Specifications  for  all  logical  signals  are: 

More  Positive  level:    within  one  volt  of  ground  (0  volts). 
More  Negative  level:     at  least  -6  volts,    at  most  -12. 
Rise  slope  of  at  least  6  volts  per  microsecond. 

Each  card  is  constructed  on  a  plug-in  etched  circuit  wiring  board.      A  35  pin  connector 
is  integrally  mounted,    and  test  points  to  accomodate    phono-tip  probes  are  mounted 
directly  on  the  card.      These  test  points  are  connected  to  the  circuit  terminals  of 
greatest  interest  for  trouble -shooting.      A  35  pin  connector  allows  three  pins  for 
power  supply  connections  and  32  for  logical  signals.     In  general,    there  are  one,    two, 
four,    eight,    or  sixteen  circuits  per  card,    and  pin  connections  are  organized  in  a 
regular,    repetitive  fashion. 

The  basic  PNP  transistor  used  for  logical  switching  is  a  2N404.     For  complementary 
NPN  use,    a  2N1302  is  used.     For  currents  up  to  one  ampere,    a  2N659  is  used,    and 
for  currents  up  to  3.  5  amperes,    a  2N1039  is  employed.     For  applications  at  voltages 
up  to  -105,    a  2N398  may  perform  the  same  functions  as  the  2N404.      The  signal  diodes 
are  type  DR435.     For  reverse  voltages  up  to  600  volts  and  forward  currents  up  to   1 .  0 
amperes,    a  1N4005  is  used. 


2.  5    MECHANICAL  SPECIFICATIONS 


Below  is  a  drawing  showing  the  physical  dimensions  of  all  cards  in  series  MAD-lb  except 
the  ripple /shift  and  ripple/shift  spacer  cards.     The  latter  have  the  same  width  afld  connector 
tongue  cutout,   but  are  10-1/2  inches  long.     The  circles  shown  are  pads  for  connector  mounting, 
and  are  uniform  for  all  cards. 


S.2!? 


■*-Ao(,- 


oooooooo 


oooo 

35 


Hih* 


%  MIN.  PERMISSIBLE  SPACE  FROM  EDGE  OF  CONDUCTOR  TO  EDGE  OF   BOARD 


Further  mechanical  specifications  are  given  in  the  procurement  information,    which  follows. 


-  3  - 


2.  6    Procurement  Specifications  for  Etched-Circuit  Packages 

S.  1       Packages  shall  be  constructed  from  l/l6th  inch  copper  clad  laminate,    clad 

either  one  side  only,    or  both  sides  as  required,    with  one  ounce  of  copper  per 
square  foot.     Completed  boards  shall  be  5-7/32  inches  by  4-1/2  inches,    except 
for  the  ripple  register  card,    which  is   10  inches  by  4-1/2  inches.     All  dimen- 
sions  shall  be  within  plus-or-minus  1  /  32nd  of  an  inch.      Boards  shall  be  made 
from  flame- resistant  fiberglass -epoxy  type  material. 

S.  2       The  etched-circuit  conductors  should  be  covered  by  an  electroplate  or  immer- 
sion tin  plate  before  assembly. 

S.  3       Eyelets  shall  be  installed  on  all  double-clad  cards  wherever  it  is  necessary  to 
make  connections  from  one  side  of  the  board  to  the  other.      The  eyelets  are  to 
be  installed  and  soldered  on  both  sides  prior  to  assembly.     Where  an  eyelet  is 
to  be  installed  without  a  component,    the  center  hole  of  the  eyelet,  should  not  be 
filled  with  solder  in  this  process,    unless  specifically  stated  in  the  card 
description. 

S.  4       Semiconductors  designated  in  the  drawings  should  be  equivalent  in  all  respects 
to  the  following: 

2N404 

2N398 

2N1302 

2N1039 

2N659 

DR435 

1N2069 

It  should  be  noticed  that  even  though  many  manufacturers  produce  a  given  type 
of  transistor  with  supposedly  identical  characteristics,    in  some  cases  the 
control  of  the  spread  of  these  characteristics  is  extremely  inadequate. 

S.  5       All  resistors  shall  be  5  percent  tolerance,    carbon  composition  type,    and  shall 
be  1/2  watt  size  except  where  otherwise  indicated  on  drawings. 

S.  6  The  potentiometer  on  packages  requiring  them  shall  be  any  multi-turn  screw- 
driver-adjustable resistor  whose  physical  dimensions  and  connection  pins  are 
compatible  with  the  space  assigned  on  the  package. 

S.  7       Capacitors  of  small  values  may  be  of  mica,    ceramic,    polyester,    polycarbonate, 
or  other  appropriate  material.      Their  dimensions  must  be  compatible  with  the 
spacing  of  holes  on  the  etched  circuit.     These  capacitors  shall  be  within  _    10 
percent  of  the  specified  values.      Capacitors  of  large  values,    such  as  the  2-mi- 
crofarad  capacitor  in  the  one-shot  package  may  be  of  aluminum  or  tantalum 
electrolytic  type,    or  other  equivalent  type  to  fit  the  spacing  provided.      These 
capacitors  shall  be  within  a  tolerance  of  -15%  +  10l  7o  of  values  specified. 
All  capacitors  shall  have  a  minimum  working  voltage  rating  of  20  volts  d-c. 

S.  8       Mounting  pads  shall  be  used  between  the  transistors  and  the  etched-circuit 

board.      All  other  components  shall  be  mounted  directly  on  the  board  on  the  side 
opposite  the  etched-circuit  conductors. 


S.  9       Both  sides  of  all  cards  are  to.be  thoroughly  cleaned  to  remove  all  traces  of 
rosin  and  foreign  material.      Ultrasonic  cleaning  shall  not  be  used  for  this 
operation. 

S.  10    On  each  card  is  mounted  a  male  printed  circuit  connector,    supplied  by  the  con- 
tractor,   Elco  No.    00-7022-035-000-001  or  equivalent.      At  least  three  of  the 
pins  should  be  staked  to  the  board  by  splitting  and  spreading  them,    but  this 
must  not  be  done  in  such  a  manner  so  as  to  break  the  plastic  cover  of  the 
connector. 

S.  11     Test  jacks  indicated  are  AMP  3-582118-0,    1,    2,    etc.    (or  equivalent). 

2.  7    Performance 

P.  1       All  transistors  and  diodes  shall  be  given  a  simple  check  prior  to  installation 
for  the  purpose  of  rejecting  open  or  shorted  circuited  components.      It  is  only 
necessary  to  determine  that  the  transistor  exhibits  transistor  action  and  that 
the  diodes  rectify.      Diodes   should  be  checked  for  compliance  with  manufac- 
turer's specifications  concerning  operation  with  an  inverse  peak  voltage  of 
20  volts. 

P.  2      The  contractor  shall  replace  without  cost  to  the  purchaser,    including  transpor- 
tation,   all  packages  which  contain  defective  components,    breaks,    or  defects  in 
the  etched-circuit  conductors,    or  are  defective  for  reasons  of  poor  workman- 
ship. 

P.  3      The  entire  order  will  be  rejected  by  the  purchaser  if  more  than  10  percent  of 
the  etched-circuit  packages  are  found  to  be  defective  by  reason  of  defective 
components,    breaks  or  defects  in  the  etched-circuit  conductors  or  for  poor 
workmanship. 


3.     GRAPHIC  SYMBOLS  FOR  LOGIC  DIAGRAMS 

The  module  development  group  has  been  using  logic  symbols  which  conform  to  the 
American  standard  which  was  approved  by  the  American  Standards  Association  on 
September  26,    1962.      The  distinctive  shape  symbols  are  used  as   shown  below. 

3.  1     Input  -  Output  Symbols 

Logic  levels  are  indicated  as  shown  below: 


1- state  at  the  more  positive  potential  (current) 
level. 


1- state  at  the  less  positive  potential  (current) 
level. 

1-state  indicated  by  positive  potential  (current) 
transistion. 

1-state  indicated  by  negative  potential  (current) 
transistion. 


Analog  inputs  are  indicated  by  a  plain  arrow: 


> 


3.  2     Labeling 
Card  position  is  indicated  inside  the  symbol. 

Pin  numbers  are  indicated  outside  the  symbol  and  adjacent  to  their  respective  lines. 

AND/OR  Inverter 
'AND"  function  with  three  inputs 


26 


27 


28 


"OR"     function  with  five  inputs 


Flip-Flop 


T  input 


EXTERNAL 
JUMPER 


Note:     A  flip-flop  contains  a  "1"  when  the  1  output  line  is  in  the  "1"   state. 
(See  page   19  for  further  explanation). 

R-S  input  (connection  directly  to  transistor  base) 


R  S 

FF 
0  I 


J-K  input  (usually  connection  to  internal  pulse  gate) 

+3        B* 


4 

a 

5 


FF       3 


o  I 

75—67 


One  Shot 


Normal    connection 


ONE  SHOT 


17 


Note:     The  normal  (inactive)  state  of  the  ONE-SHOT  output  is  the  0-state.      When  activated, 
the  output  changes  to  the  indicated  1 -state,    remains  there  for  the  characteristic  time  of 
the  device,    and  returns  to  the  0-state. 


3.3     Amplifier  (inverting) 

^— [>»— ^ 

3.4    Special  Purpose- Circuit 


CIRCUIT    NAME 


4.     SERIES  MAD- IB  CARDS 

Recent  advances  in  semiconductor  technology  have  made  possible  significant  improve- 
ments in  the  performance  of  series  MAD- 1   cards.      These  cards  use  series  MAD-1   art- 
work and  components,   with  the  exceptions  indicated  below.     The  2N404,    long  an  industry- 
standby  because  of  its  low  cost  and  universal  availability,  was  still  undesirable  because  of 
poor  beta  spread  and  poor  high-temperature  performance. 

The  2N404  is,    of  course,    germanium.     The  announcement  of  a  silicon  PNP  transistor 
with  the  same  characteristics,    better  beta  spread,    and  same  economy  prompted  a  series  of 
tests.     We  have  concluded  that  the  2N3638  transistor  will  operate  as  well  as  the  2N404  in 
all  of  our  applications.     Its  higher  current-carrying  capacity  and  low  Vce  (sat)  make  it 
possible  to  use  it  in  place  of  the  high  cost  2N659  as  well.     Full  acceptance  of  this  device 
must  await  large  statistical  samples.     Over  100  packages  have  been  either  delivered  or 
ordered,    and  they  are  being  incorporated  into  systems  as  they  are  received.      A  separate 
report  on  the  eventual  outcome  of  these  tests  will  be  published  after  their  completion. 

Similar  tests  are  also  being  carried  out  on  the  1N270  gold  bonded  germanium  diode, 
which  costs  half  as  much  as  the  previously  specified  DR435,    and  will  also  operate  at  a 
higher  temperature. 

Other  semiconductor  substitutions  have  been  made  in  the  interests  of  economy,    size 
reduction,    or  improved  characteristics.      The  changes  are  summarized  in  the  table  below. 

MAD-1  MAD- IB 


2N404  2N3638 

DR435  1N270 

2N659  2N3638 

2N1302  2N3641 

2N2926  2N3641 

1N2069  1N4005 

Use  of  high-temperature  components  as  above  has  enabled  us  to  rate  series  MAD- 1  B 
as  operable  at  85°  Celsius.  The  coil  driver  card  has  not  been  changed,  and  is  still  rated 
at  50°C. 


5.     SERIES  MAD-1  LOGIC  CARDS 

The  following  sections   are  self-contained  descriptions  of  each  of  the  cards.      They  are 
designed  for  use  either  individually  or  collectively  as  application,    instruction,    mainte- 
nance and  construction  manuals.      They  each  follow  the  format  given  below. 

Logical  Function.     A  brief  description  of  the  general  uses  for  the  card. 

Circuits  per  Card.      Very  often,    more  than  one  logical  unit  is  contained  on  a  card.      This- 
indicates  how  many  there  are. 

Input  Load.      Each  card  is  designed  to  present  a  standard  load  to  the  circuits  preceding  it. 
These  loads  are  specified  as  follows:     one  standard  logic  gate  -   3900  ohm  sink  to  ground 
in  parallel'with  220  picofarads:  one  standard  pulse  gate  -    0.  001  microfarads  to  ground. 
Cards  may  present  integral  multiples  of  these  standard  loads  to  the  circuits  preceding. 
This  section  of  the  description  tells  how  many  and  what  kind  of  loads  are  presented. 

Fan-out.      How  many  standard  loads  may  be  wired  in  parallel  across  the  output  of  each 
circuit. 

Power  Requirements.      Describes  the  load  on  each  of  the  power  supplies  presented  by 
each  circuit. 

Logic  Diagrams.     Shows  the  logic  diagram  used  for  each  circuit,    in  conjunction  with  the 
pin  numbers  for  each  connection. 

Logical  Application.      A  detailed  description  of  the  logical  functions  performed  by  the 
card. 

Input  Signal  Requirements.      Lists  voltage  levels,    impedances,    currents,    and  rise-and- 
fall  times  associated  with  the  card  input. 

Output  Signal  Characteristics.      Lists  voltage  levels,    impedances,    currents,    and  rise-and 
fall-times  associated  with  the  card  output. 

Circuit  Description.      Referring  to  the  schematic  diagram,    this  section  details  the  actual 
operation  of  the  card. 

Trouble  Shooting.      Some  brief  hints,    plus   an  insight  into  the  troubles  most  usually 
encountered  in  actual  use. 

Construction  Information.  Contains  printed  circuit  artwork,    component  layout,    a  parts 
list,    and  a  photograph. 

Inclusion  in  this  manual  of  references  to  specific  manufacturers  does  not  constitute 
a  recommendation  or  approval  of  the  products  of  these  manufacturers  by  the  National 
Bureau  of  Standards. 


5.1     AND/OR  Inverter 

Logical  Function.      Each  circuit  will  perform  either  the  NOR  function  or  the  NAND 
function,    depending  upon  the  choice  of  voltage  levels  to  represent  logical  "1"  and  "0". 

Circuits  per  Card.     Eight:     Four  with  four  inputs. 

Four  with  two  inputs. 

Input  Load.     One  standard  level  gate. 

Fan-Out.      Five  standard  level  gates  and  four  pulse  gates. 

Power  Requirements.      -12  volts:     20mA.    for  each  output  at  0  volt;   10mA.    for  each  output 

at  -6  volts. 

+  12  volts:     none. 

Logic  Diagrams.     Figures   1   and  2  show  the  logic  diagram  and  pin  numbers. 

Logic  Application.  This  is  used  for  virtually  all  logical  gating  functions.  It  will  perform 
either  the  NOR  function  or  the  NAND  function,  depending  upon  the  choice  of  voltage  levels 
to  represent  logical  "1"   and  "0",    as   shown  in  the  table  below. 

Function 


Input 

L 

eve 

:1s 

Output 

L 

eve 

:1s 

n  it i 

"0" 

ii  in 

"0" 

Pos. 

Neg. 

Neg. 

Pos. 

Neg. 

Pos. 

Pos. 

Neg. 

NAND  (Sheffer  Stroke) 
NOR  (Pierce) 

The  fact  that  this  circuit  can  operate  in  either  mode  is  a  consequence  of  DeMorgan's 
theorem  of  Boolean  algebra,    which  states: 


AB  =  (A  +  B) 

Or,    in  words:     and  AND  function  with  levels  of  one  polarity  is  mathematically  equivalent 
to  the  OR  function  with  levels  of  the  other  polarity. 

Input  Signal  Requirements.     Positive  level:     0  volts  to  -0.2  volts 

Negative  level:     -6  volts  to  -12  volts 

Input  impedance:     3900  ohms  sink  to  ground  shunted  by 
220  pF. 


Output  Signal  Characteristics.     Positive  level:     0  volt  to  -0.  2  volts  at  approximately 

10  ohms  (saturated  transistor). 

Negative  level:     -12  volts   at  620  ohms. 

Minimum  dv/dt:   6  volts  per  microsecond  (with  same  rise 
and  fall  on  input  signal). 
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Circuit  Description.     The  circuit  diagram  is  shown  in  Figure  3  and  is  essentially  the 
same  as  that  employed  by  series  2  and  3  cards.     The  input  diode  configuration  was 
chosen  to  optimize  utilization  of  all  components  on  the  card.     No  provisions  were  made 
for  increasing  the  fan-in  of  these  gates,    since  that  function  can  be  duplicated  more 
effectively  with  a  matrix  card. 

The  circuit  consists  of  a  simple  amplifier  preceded  by  several  diodes  connected  with 
their  anodes  in  common  at  the  input.     If  any  of  the  input  diodes  is  energized  with  -6  volts, 
that  diode  will  be  forward  biased  and  the  transistor  will  be  driven  into  saturation. 
Consequently,    the  output  terminal  will  be  held  to  ground  via  the  saturation  resistance  of 
the  transistor.     If  all  of  the  input  diodes  are  either  open- circuited  or  held  within  0.  2  volt 
of  ground,    the  transistor  will  be  in  cut-off  and  the  output  terminal  will  be  connected  to 
-12  volts  via  620  ohms. 

The  220  pF.    input  capacitor  serves  to  speed  up  the  turn-on  of  the  transistor.      The  620 
ohm  base  shunt  to  ground  serves  to  speed  up  the  turn-off  by  providing  a  discharge  path 
for  the  base-emitter  diffusion  capacitance,    and  to  hold  the  transistor  in  cut-off  by  provid- 
ing a  path  for  the  collector-base  leakage  current  (I   ^    ). 

Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 

Symptom  Cause  Remedy 

Output  will  not  change  state  Shorted  transistor  Replace 

Open  input  diode  Replace 

Interferes  with  operation  of 

other  cards  wired  to  its  input         Shorted  input  diode  Replace 

Construction  Information.     Figure  4  shows  the  component  layout  of  the  card  and  the  table 
below  lists  the  required  components. 

Quantity  Item 

8  2N404 

24  DR435 

10  Test  Jacks 

16  620  ohm  Resistors 

8  3.  9k  ?l  Resistors 

8  220  pF.    (or  200pF.  )  Capacitors 

Transipads  and  Circuit  Board 
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FIGURE  3.   AND /OR    INVERTER      SERIES    MAD" 
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5.  2    Flip-Flop 

Logical   Function.     Each  circuit  can  function  as  an  R-S  Flip-Flop,    J-K  Flip-Flop, 
T  Flip-Flop,    or  shift  register  stage. 

Circuits  per  Card.     Four 

Input  Load.     One  pulse  gate. 

Fan-Out.      Four  standard  level  gates  and  four  pulse  gates. 

Power  Requirements.      -12  volts:     92  mA.    per  card. 

+  12  volts:     2.  5  mA.    per  card. 

Logic  Diagrams.     Figures  6  through  9  show  the  logic  diagrams  and  pin  numbers  for 
various  configurations. 

Logical  Application.      A  flip-flop  is  a  logical  binary  storage  element  with  two  stable 
states,    called  0  and  1.     It  can  have  several  different  types  of  inputs,    the  purposes  of 
which  are  to  change  it  from  one  state  to  the  other.      These  are  called: 

J-K:     A  change  from  a  logical  0  to  a  logical  1  on  the  J  input  will  put  the  flip-flop 

in  the  1   state  regardless  of  its  previous  state.     A  change  from  a  logical  0  to 
a  logical  1  on  the  K  input  will  put  the  flip-flop  in  the  0  state,    regardless  of  its 
previous  state.      A  change  from  a  logical  0  to  a  logical  1  on  both  inputs  simul- 
taneously will  cause  the  flip-flop  to  change  to  whichever  state  it  was  not  in 
originally.      A  change  from  a  logical  1  to  a  logical  0  on  either  input  will  have 
no  effect. 

T:    A  change  from  a  logical  0  to  a  logical  1  on  the  T  input  changes  the  state  of  the 
flip-flop.      A  change  in  the  other  direction  has  no  effect. 

R-S:     The  R-S  connection  is  not  normally  used  without  attaching  external  pulse 

gates  as  described  below.      Doing  so  results  in  a  direct  connection  to  the  base 
of  the  transistors,    and  may  damage  them. 

Gated:     The  input  gate  to  the  set  and  reset  functions  of  the  flip-flop  has  two  inputs. 
One  of  these  is   sensitive  to  a  logic  level,    the  other  only  to  a  positive-going 
change  in  level.      They  perform  a  delayed  AND  function,    as  follows:     If  the 
"level"  input  is  at  logical  0,    nothing  happens.     If  the  "level"  input  is  at 
logical  1,    and  the  "change  of  level"  input  experiences  a  change  from  logical  0 
to  logical  1,    the  gate  produces  an  output  which  will  change  the  state  of  the 
flip-flop  if  it  is  not  already  in  the  state  being  energized.     A  special  feature  of 
this  gate  is  that  it  is  not  necessary  for  the  "level"  input  to  hold  its  value 
while  the  pulsed  input  is  changing,    but  rather  the  gate  responds  to  the  value 
of  the  "level"  input  about  5  microseconds  before  the  gate  was  pulsed.      Addi- 
tional gates  (up  to  5)  may  be  paralled  at  the  R  or  S  inputs  to  the  flip-flop. 
These  gates  are  not  on  the  flip-flop  card,    but  are  available  on  the  pulse  gate 
card. 

When  the  circuit  is  in  the  state  called  0,    the  0  output  line  will  have  a  logical 
"1",    and  the  1  output  line  will  have  a  logical  "0".     When  the  circuit  is  in  the 
state  called  1,    the  0  output  line  will  have  a  logical  "0"   and  the  1  output  line 
will  have  a  logical  "1". 
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Input  Signal  Requirements.     Positive  level:        0  volts  to  -0.2  volts. 

Negative  level:       -6  volts  to  -12  volts. 
Input  impedance:    0.  001  uF.  to  ground 
Minimum  dv/dt:      6  volts  per  pus .    positive  slope  to  trigger. 

Output  Signal  Characteristics.     Positive  level:     0  volts  to  -0.2  volts  (saturated  transistor 

to  ground). 
Negative  level:    -12  volts  through  620  ohms. 
Minimum  dv/dt:  6  volts  per  y.s.    (with  proper  input  signal). 

Circuit  Description.      The  circuit  diagram  is  given  in  Figure  10. 

Consider  the  flip-flop  itself.      Assume  that  Qj  is  in  the  cutoff  state.      The  voltage  drop 
across  its  collector  resistor  will  be  small,    since  no  current  is  flowing  through  Q,,     For 
this  reason,    the  voltage  at  the  collector  of  Qj  will  be  very  near  -12  volts. 

On  the  base  of  Q2,    there  is  a  voltage  divider  from  the  collector  of  Qj,    through  the 
3.  9k  resistor  to  the  base  of  Q2,    and  then  through  the  33k  resistor  to  +12  volts.     If  the 
collector  of  Qj  is  at  -6  volts  (or  more  negative),    the  base  of  Q£  will  be  carried  far  enough 
negative  to  saturate  Q£.      Since  the  current  in  a  saturated  transistor  is  limited  only  by  the 
collector  load  resistor,    most  of  the  voltage  drop  will  appear  across  the  load  resistor  of 
Q2,    and  Q2 '  s  collector  will  be  only  a  few-tenths  of  a  volt  below  ground.      This,    in  turn, 
makes  it  possible  for  the  33k  resistor  connected  to  the  base  of  Q,   from  the  positive  bias 
supply  to  hold  Qj  in  the  cutoff  state,    where  it  was   assumed  to  be.     The  circuit  is  there- 
fore in  a  stable  state.     Symmetry  considerations  make  it  obvious  that  a  state  with  Q}  ''on" 
and  "off"  is  similarly  stable.     In  order  to  effect  a  transistion  from  one  stable  state  to 
another,    it  is  only  necessary  to  drive  the  "on"  transistor  into  cut-off  by  applying  a  posi- 
tive pulse  to  its  base.      This  immediately  turns  the  transistor  "off",    and  the  positive  pulse 
may  be  removed,    leaving  the  circuit  stable  again.      The  means  of  forming  this  pulse  and 
gating  it  will  be  discussed. 

A  transistor  in  the  cutoff  state  has  the  base- emitter  junction  reverse  biased.     The 
charge  carriers  have  set  up  an  interface  across  the  junction,    and  the  only  transfer  of 
charge  occurs  because  of  minority  carrier  leakage.     When  the  biasing  of  this  junction  is 
reversed  suddenly,    a  small  time  is  required  for  the  majority  carriers  to  leave  their  pre- 
vious position  and  migrate  to  the  junction.      The  effect  behaves  like  a  capacitance.     Since 
the  time  required  to  "charge"  this  capacitance  measurably  affects  the  response  time  of 
the  flip-flop,    we  put  a  small  "speed-up"  capacitor  across  the  3.9k  base  resistor  in  each 
leg.      This  allows  the  impulse  to  be  transmitted  through  a  capacitive  voltage  divider,    thus 
reducing  propagation  time. 

The  series  MAD- 1  flip-flop  have  attached  permanently  to  each  input  a  pulse  gate  or 
steering  gate.      The  diagram  below  shows  the  circuit  and  wave  forms  for  these  gates. 
Note  that  the  steering  gate  will  respond  only  to  the  coincidence  of  a  logical  "1"  on  the  re- 
sistor input  and  a  positive -going  transition     on  the  capacitor  input.      The  resulting  output 
is  sufficient  to  cause  a  flip-flop  to  transfer  states. 

Using  these  gates,    it  is  possible  to  construct  flip-flops  in  various  configurations  com- 
mon in  the  literature.     Most  of  the  modifications  are  made  by  adding  jumpers  to  the 
connector.      These  configurations  are: 
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The  J-K  Flip  Flop.     If  the  resistor  of  a  steering  gate  is  connected  to  the  output  of  the 
same  side  of  its  flip-flop,    the  R  input  is  changed  to  a  K  input,    and  the  S  input  to  a  J  input. 
These  inputs  have  the  property  of  gating  themselves.     If  the  flip-flop  is  in  the  0  state  and 
the  J  input  is  energized,    the  J  gate  fires,    and  the  trigger  pulse  causes   a  transistion.     If 
the  flip-flop  is  in  the  1   state  and  the  J  input  is  energized,    the  J  gate  does  not  fire,    and  no 
trigger  pulse  gets  through.     If  now  both  inputs  are  energized  at  once,    only  the  gate  whose 
corresponding  transition  is  "on"  will  transmit  a  turnoff  pulse.      The  other  will  not  respond. 
The  result  is  that  ambiguity  of  the  R-S  type  of  circuit  is  eliminated. 

The  T  circuit  is  wired  by  connecting  the  capacitors  from  the  J  and  K  inputs  together. 
The  resulting  action  is  that  a  positive -going  transition  on  this  connection  will  transfer 
the  flip-flop  from  whichever  state  it  is  in  to  the  other  state.      This  is  especially  useful  in 
counter  circuits. 
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If  the  resistor  of  the  steering  gate  is  not  connected  to  the  flip-flop  collectors,    but  in- 
stead is  wired  to  the  collector  of  a  flip-flop  adjacent  to  it  in  a  chain  of  similar  circuits,    a 
pulse  on  the  capacitor  of  this  gate  will  cause  the  flip-flop  to  assume  the  state  of  the  pre- 
vious member  of  the  chain.     Since  the  operation  of  the  gate  does  not  depend  on  the  imme- 
diate state  of  the  resistor  input,    but  rather  on  the  recent  history  (whether  or  not  the 
capacitor  is  charged),    it  is  possible  to  pulse  all  of  the  capacitors  in  the  chain  at  once, 
causing  the  contents  of  the  chain  to  "move  over"  one  position.      This  is  called  a  shift 
register. 

This  gate  is  the  one  referred  to  in  the  logical  applications  section  as  being  useful  for 
performing  external  logic  functions.      By  itself,    it  performs  the  AND  function.     The  out- 
puts of  up  to  5  gates  may  be  paralled  to  form  the  OR  function. 

Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom 
Will  not  change  state. 


Cause 
Ql  or  Q2  shorted. 


Remedy 

Replace  (Ohmmeter  check 
will  disclose). 


it         it  ii  ii 


ii         ii  ii 


Insufficient  input 
dv/dt  or  amplitude. 

Output  loading  for 
one  side  too  great. 


Check  driving  circuits, 
check  d-c  beta  of  transistor. 

Use  output  buffer  amplifier. 


Changes  state  at  wrong 
time. 


"logical  spikes"  on 
inputs. 


Check  with  scope.    Redesign 
logic  to  eliminate. 


ii         M  ti 


Inadequate  power 
supply  filtering. 


Decouple  all  high  current 
and  inductive  devices  from 
power  bus. 


Will  not  operate  fast 
enough. 


Gate    resistor  dis- 
connected. 


Jumper  on  card  connector. 


M         n  ii 


"Speed-up"   capaci- 
tors wrong  value. 


Replace. 


Construction  Information.    Figure  11   shows  the  component  layout  of  the  card,    and  the 
table  below  lists  the  required  components. 


Quantity 


Item 


2N404 

DR43  5 

Test  Jacks 

620  ohm  Resistors   1/2  W  5% 

33k  Q  Resistors 

3.  9  Q  Resistors 

5.  Ik  Q  Resistors 

200  pF.    or  220  pF.    Capacitors 

0.  001  |jF.    Capacitors 

Transipads  and  Circuit  Board 
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5.  3     Pulse  Gate 

Logical  Function.  Each  circuit  will  perform  the  AND  function  for  one  steady  logic  level 
and  one  pulse  consisting  of  a  change  of  level  from  0  to  1.  The  outputs  may  be  paralleled 
to  perform  the  OR  function. 

Circuits  per  Card.      Ten. 

Input  Load.     One  standard  pulse  gate. 

Fan-Out.      To  drive  one  flip-flop. 

Power  Requirements.      None 

Logic  Diagrams.     Figure  13  shows  the  logic  diagram.     Figure  14  shows  how  up  to  five 
pulse  gates  may  be  connected  to  the  R  or  S  input  of  a  flip-flop. 

Logical  Application.      This  circuit  is  usually  used  when  a  simple  gate  is  needed  to  allow  a 
flip-flop  to  be  either  triggered  or  not  triggered  when  an  input  pulse  appears.     It  also 
allows  data  to  be  transferred  into  a  flip-flop  or  group  thereof  synchronously  with  some 
event,    as  might  be  encountered  in  the  loading  of  an  entire  register  at  once. 

Input  Signal  Requirements.      Positive  level:        0  volts  to  -0.  2  volts 

Negative  level:        -6  volts  to  -12  volts 

Input  impedance:  0.  001  piF.    to  ground  when  connected  to  a 
flip-flop. 

Output  Signal  Characteristics.      Short  positive  voltage  spike  for  triggering  flip-flops. 

Circuit  Description.      The  diagram  for  the  circuit  is  given  in  Figure  15.      Assume  that  the 
voltage  at  the  input  to  the  resistor  R  is  -6  volts,    and  that  the  input  to  the  capacitor  C  is 
being  held  at  -6  volts.      The  capacitor  will  not  charge.      When  the  input  to  C  experiences  a 
positive  transition  from  -6  volts  to  ground,    the  common  terminal  follows  the  capacitor  to 
ground.      This  is  still  not  sufficient  to  forward-bias  the  diode,    so  the  gate  does  not  conduct. 
When  the  input  to  R  is  at  ground,    the  capacitor  charges  to  6  volts,    with  the  negative  side 
being  the  capacitor  input  terminal.     When  the  input  to  the  capacitor  does  go  to  ground,    the 
common  terminal  of  the  gate  also  goes  up  by  6  volts,    forward  biasing  the  diode  and  emit- 
ting a  short  positive  pulse,    sufficient  for  triggering  a  flip-flop. 

Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 
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Symptom  Cause  Remedy 

Flip-flop  triggers  on  Diode  shorted  Replace 

either  positive  or 
negative -going  signals 

Construction  Information.     Figure  16  shows  the  component  layout  of  the  card  and  the 
table  below  lists  the  required  components. 

Quantity  Item 

10  DR435 

10  0.  001  |j,F.    Capacitors 

10  5.  Ik  Q  ohm  Resistors 

Circuit  Board 
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5.  4    Reed  Relays 

Logical  Function.      Each  circuit,    upon  receipt  of  a  proper  command,    will  mechanically 
close  two   shielded,    isolated  circuits. 

Circuits  per  Card.     Four. 

Input  Load.     One  standard  level  gate. 

Fan-Out.      Mechanical  contacts  capable  of  switching  125  milliamps,    noninductive  load. 

Power  Requirements.      -12  volts:     15  mA.    standby,    50  mA  for  each  relay  energized. 

+  12  volts:        3  mA. 

Logical  Diagrams.     Figure  18  shows  the  logic  diagram  and  pin  numbers. 

Logical  Application.  This  is  used  in  an  analog  scanning  system  where  several  voltages 
in  sequence  must  be  switched  (for  example)  into  one  analog-to-digital  converter.  It  is 
also  used  where  it  is  desirable  to  isolate  the  circuit  in  question  and  the  logic  circuits. 

Input  Signal  Requirements.      Positive  level:     0  volts  to  -0.  2  volts. 

Negative  level:     -6  volts  to  -12  volts. 
Input  impedance:  3900  ohms  sink  to  ground. 

Output  Signal  Characteristics.  Contact  closure,  two  per  circuit.  Maximum  load  125  mA 
non-inductive.  Bounce:  less  than  1  millisecond  at  any  operating  speed.  Vibration  noise: 
10  millivolts  in  1  megohm  for  two  milliseconds. 

Circuit  Description.      The  diagram  is  shown  in  Figure  19. 

This  package  contains  four  double-pole,  single  throw  dry  reed  encapsulated  relays 
with  a  maximum  life  greater  than  10,  000,  000  operations  under  a  contact  load  less  than 
10  mA. 

In  order  that  low-level  signals  may  be  accommodated  by  these  relays,    all  of  the  con- 
ductors on  the  card  that  carry  such  signals  are  shielded.      This  is  accomplished  by  adding 
guard  bands     (grounded  conductors)    on  both  sides  of  the  lead  in  question,    and  by  using  a 
double- clad  board  with  the  copper  on  the  other  side  left  intact  and  grounded. 

The  package  contains   all  of  the  necessary  circuitry  to  drive  the  relays,    and  requires 
only  standard  logic  levels  to  activate  them.      A  positive  level  on  the  input  closes  the 
contacts.     A  two-input  AND  gate  is  built  in  to  simplify  synchronization  of  multiple 
circuits. 

Installation.      Because  of  the  size  of  the  reed  relays,    it  is  not  possible  to  mount  these 
cards  with  the  connectors  on  5/8"   centers,    as  is  customary.      By  alternating  them  with 
other  cards,    however,    there  will  be  sufficient  room  to  use  5/8"  centers. 
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Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  possible  causes  and  remedies. 

Symptom  Cause  Remedy 

Relay  contacts  remain  closed         Shorted  2N659  Replace 

"  "  "  "  Contacts  welded  Replace  -  insure 

closed  by  large  that  relay  is  operating 

current  pulse  within  its  ratings 

Relay  contacts  remain  open  Shorted  2N404  Replace 

Contact  Resistance  Large  Relay  at  end  of  Replace 

(>  1  ohm)  life 

Construction  Information.      Figure  20  shows  the  component  layout  of  the  card  and  the  table 
below  lists  the  required  components. 

Quantity  Item 

4  2N659 

4  2N404 

8  DR435 

4  IN2069 

8  3.  9k  Q  Resistors 

4  Ik  ft  Resistors 

8  33k  Q  Resistors 

4  100  ohm  5%  1  watt  Resistors 

10  Eyelets,    installed 

4  Reed  Relays 

Transipads  &  Circuit  Board 
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5.  5     Pulse  Gate  Driver 

Logical  Function.      This  circuit  is  used  to  extend  the  drive  or  fan-out  capabilities  of  a 
circuit  card. 

Circuits  per  Card.     Four. 

Input  Load.      Two  standard  level  gates. 

Fan-Out.     25  standard  level  gates  and  25  pulse  gates. 

Power  Requirements.      -12  volts:     Maximum  of  60  mA.    per  circuit,    depending  on  loading. 

+  12  volts:     2.  5  mA. 

Logic  Diagram.     Figure  22  shows  the  logic  diagram  and  pin  numbers. 

Logical  Application.     In  general,    when  pulse  gates  are  used  to  synchronize  a  large  num- 
ber of  simultaneous  operations,    as  in  shifting  of  registers,    all  of  the  gate  capacitors  are 
connected  to  a  single  line.      This  line  must  be  held  at  -6  volts  or  -12  volts,    and  then 
brought  to  ground.     When  this  transition    takes  place,    a  large  amount  of  current  flows, 
much  more  than  a  standard  card  can  handle.      This   circuit  is  especially  designed  to  drive 
a  large  number  of  loads. 

Input  Signal  Requirements.      Positive  level:        0  to   -0.2  volts. 

Negative  level:        -6  volts  to  -12  volts. 

Input  impedance:    2000  ohms  sink  to  ground  shunted  by  440  pF. 

Output  Signal  Characteristics.      Positive  level:     0  volts  to  -0.2  volts  through  a  saturated 

transistor. 
Negative  level:    -12  volts  at  200  ohms. 

Circuit  Description.      The  circuit  is   shown  in  Figure  23. 

Although  similar  to  the  circuit  described  in  Technical  Note  168,    the  output  transis- 
tors of  this  package  have  been  changed  to  a  type  with  an  extremely  low  RCE  (SAT).      The 
circuit  operates  by  switching  the  output  either  to  the  minus   12  volt  line,    or  to  ground. 
Both  paths  are  through  saturated  transistors,    and  therefore  ones  with  low  saturation 
resistance  are  more  desirable. 

It  was  found  necessary  in  some  applications  to  limit  the  output  swing  of  the  package 
to  the  region  between  -6  volts  and  ground,    rather  than  allowing  it  to  go  all  the  way  to  -12 
volts.      A  resistor  to  accomplish  this  has  been  brought  out  to  the  connector.      To  limit  the 
output  to  6  volts,    this  must  be  jumpered  to  the  adjacent  pin,   which  is  ground. 

When  the  input  signal  is  negative,    the  2N404  transistor  is  saturated,    and  the  collector 
is  at  ground.  .      This  turns  off  the  upper  2N659.      The  lower  2N659  is  on  because  it  is  also 
connected  to  the  negative  input.      This  effectively  shorts  the  output  terminal  to  ground 
through  the  saturated  lower  2N659.      The  2N659  is  a  transistor  with  special  characteris- 
tics designed  so  that  the  collector  saturation  resistance  is  very  low,     on  the  order  of  300 
milliohms. 

When  the  input  is  positive,    the  2N404  is  cut  off,    as  is  the  lower  2N659.      The  upper 
2N659  is  on,    and  the  output  is  shorted  to  the  -12  volt  supply  through  the  upper  2N659.      To 
limit  the  negative  level  of  the  output  to  -6  volts,    connecting  the  low  side  of  the  resistor 
shown  prevents  the  voltage  at  the  base  of  the  upper  2N659  from  exceeding  -6  volts,    there- 
by limiting  the  collector. 
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Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 

Symptom  Cause  Remedy 

Output  remains  at  ground  Shorted  2N659    (lower)  Replace 

"  "  "  Shorted  2N404  Replace 

Output  remains  negative  Shorted  2N659    (upper)  Replace 

Construction  Information.     Figure  24  shows  the  component  layout  of  the  card  and  the  table 
below  lists  the  required  components. 

Quantity  Item 

8  2N659 

4  2N404 

6  Test  Jacks 

8  1.  5k  Q  Resistors 

8  33k  Q  Resistors 

4  200  Ohm  Resistors 

8  4.  3k  Cl  Resistors 

8  390  pF  Capacitors 

Transipads  and  Circuit  Board 
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5.  6    One-Shot 

Logical  Function.      This  circuit  is  used  as  a  timing  or  delay  element.      Two  circuits  may- 
be connected  as  an  oscillator. 

Circuits  per  Card.     Two 

Input  Load.     One  pulse  gate. 

Fan-Out.      Four  standard  level  gates  and  five  pulse  gates. 

Power  Requirements.       -12  volts:       60  mA.    per  circuit. 

+12  volts:         2  mA.   per  circuit. 

Logic  Diagram.     Figure  26  shows  the  logic  diagram  and  pin  numbers. 

Logical  Application.      This  circuit  is  used    wherever    a  certain  fixed  time  must  be  marked 
off,    either  to  stop  an  operation  after  a  certain  time,    or  to  start  one  after  a  delay.     Two 
may  be  wired  to  sequentially  start  each  other  after  their  inherent  delay  has  ended,    thus 
making  an  oscillator.     Basically,   it  consists  of  a  standard  flip-flop  which  is  set  by  exter- 
nal logic  circuitry,    and  which  resets  itself  at  the  end  of  its  characteristic  time.      This 
time  may  easily  be  varied  externally. 

Input  Signal  Requirements.     Positive  level:        0  volts  to  -0.2  volts. 

Negative  level:        -6  volts  to  -12  volts. 
Input  impedance:  0.  001  \jF ■  to  ground. 
Minimum  dv/dt:     6  volts  per  microsecond. 

Output  Signal  Characteristics.     Positive  level:      0  volts  to  -0.2  volts  through  saturated 

transistor. 
Negative  level:      -6  volts  to  -12  volts. 

Circuit  Description.      The  diagram  is   shown  in  Figure  27. 

This  circuit  is  identical  to  the  modified  one-shot  described  in  Technical  Note  168. 
Since  our  applications  involve  changes  of  level,    rather  than  pulses,    the  trigger  output  has 
been  omitted.      Times  from  5  microseconds  to  5  milliseconds  are  available  using  capaci- 
tors on  the  card,    and  times  up  to  several  seconds  may  be  generated  with  external 
capacitors,    provided  that  they  are  low  leakage  types.      An  integrally  mounted  potentiome- 
ter is  used  for  fine  control  of  delay  time. 

Initially,    transistors  Q^   and  Q^  are  conducting,    all  others   are  cut  off.     If  the  input 
flip-flop  is  wired  as  a  normal  J-K  and  a  positive -going  pulse  is  applied  to  the  J  input, 
the  flip-flop  changes  state,    cutting  off  Q^    and  turning  on  Q2,    which  cuts  off  Q^.      This 
allows  the  timing  capacitor  to  charge  towards  a  terminal  voltage  determined  by  R^,    R2> 
and  to  a  small  extent  the  Ik  potentiometer. 

When  the  voltage  across  the  timing  capacitor  exceeds  that  at  the  emitter  of  Q^,      (set 
by  the  trimpot),    the  base-emitter  junction  of  Q3  is   suddenly  forward-biased,    and  Q3 
begins  to  conduct. 

Q3  then  turns  on  its  complement  transistor  Q4,    which  turns  on  Q5,    clamping  the  col- 
lector of  Q1  to  ground,      (via  external  jumper)  thereby  resetting  the  flip-flop. 
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Triggering  diodes  CR1  and  CR2  from  both  the  timing  circuit  and  the  discharge  tran- 
sistor Q/  help  achieve  faster  switching  of  the  threshold  circuit.  These  diodes  enable  the 
circuit  to  switch  rapidly  even  when  a  large  timing  capacitor  is  being  used. 

The  restart  mode  of  operation  permits  the  capacitor  to  be  discharged  and  the  timing 
cycle  restarted  without  resetting  the  flip-flop. 

The  timing  cycle  may  be  ended  synchronously  with  an  external  pulse  train  by  leaving 
out  the  jumper  from  pin  5  to  17  or  21  to  33,    and  by  attaching  the  pulse  train  to  pin  15  or 
31. 

Trouble  Shooting.     The  following  table  lists   some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom 

Flip-flop  will  not  change 
state  when  commanded. 


Cause 


Shorted  Q,   or  Q£ 


Remedy 
Replace 


Flip-flop  sets  but  will  not 
reset  itself. 


No  jumper  from  5  to 
17  or  21  to  33. 


Include 


Flip-flop  sets  but  will  not 
reset  itself. 


Shorted  Qz 


Replace 


Flip-flop  sets  but  will  not 
reset  itself. 


No  capacitor  wired 
in 


Wire  one  in 


Construction  Information.     Figure  28  shows  the  component  layout  of  the  card  and  the 
table  below  lists  the  required  components. 


Quantity 

12 

2 
10 

2 

2 

4 

6 

2 

4 

8 

6 

4 

4 

2 

6 

6 

4 

4 

2 

2 

2 


Item 

2N404 

2N1302 

DR435 

1N2069 

Ik  Q  Trimmer  Potentiometer 

Test  Jacks 

3.  9k  0  1/4-watt  Resistors 

3.  9k  Q  1/2-watt  Resistors 
33k  Q  1/4-watt  Resistors 
620  ohm  1/2-watt  Resistors 
5.  Ik  Q  1/4-watt  Resistors 

4.  7k  Q  1/4-watt  Resistors 
2.  7k  Q  1/4-watt  Resistors 
10k  Q  1/4-watt  Resistors 
0.  001  u,F.    Capacitors 

150  pF.    Capacitors 

200  pF.    or  220  pF.    Capacitors 

2  |jF.     Electrolytic  Capacitors 

0.  18  aF.    Capacitors 

0.  018  uF.     Capacitors 

Jumpers 

Transipads  and  Circuit  Board 
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5.7    Indicator/  Amplifier 

Logical  Function.     This  card  is  used  as  a  buffer  amplifier  to  isolate  two  circuits,    or  to 
provide  sufficient  drive  from  a  logic  level  to  light  a  small  indicator  lamp. 

Circuits  per  Card.     Sixteen. 

Input  Load.     One-half  standard  level  gate. 

Fan-Out.     When  used  as  an  amplifier:     Five  level  gates  and/or  five  pulse  gates. 

When  used  as  an  indicator  driver:    One  No.    344  or  1869  incandescent  lamp. 

Power  Requirements.       -1Z  volts:        20  mA  for  each  output  at  ground. 

10  mA  for  each  output  at  -  6  volts. 
+  12  volts:        5  mA 

Logic  Diagrams.     Figure  30  shows  the  logic  diagram  and  pin  numbers  for  use  as  an 
amplifier. 

Figure  31   shows  the  logic   diagram  and  pin  numbers  for  use  as   an 
indicator  driver. 

Logical  Application.     Used  as  a  buffer  amplifier  with  an  inverted  output.     Useful  for  logi- 
cal inversion  and  circuit  isolation,    its  application  is  more  suited  for  indicator  work, 
since  the  high  impedance  amplifier  is  more  noise-free. 

Input  Signal  Requirements.       Positive  level:        0  volts  to     -0.2  volts. 

Negative  level:       -6  volts  to  -12  volts. 
Input  impedance:     8200  ohm  sink  to  ground. 


Output  Signal  Characteristics.      Positive  level:      0  volts  to     -0.2  volts  through  saturated 

transistor. 
Negative  level:      -12  volts  through  external  load  resistor. 

Circuit  Description.     The  schematic  diagram  is  shown  in  Figure  32. 

This  is  a  simple  transistor  inverter.     (NOTE:    COLLECTOR  LOADS  SHOULD  NOT 
DRAW  MORE  THAN  15  mA.      At  any  higher  current,    the  transistor  may  not  be  saturated). 
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Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 

Symptom  Cause  Remedy 

Light  remains  lit.  Shorted  transistor.  Replace 

Light  will  not  go  on.  Insufficient  drive.  Check  input  level;  if 

OK,    replace  transis- 
tor with  higher 
beta  unit. 

Construction  Information.      Figure  33  shows  the  parts  layout.      The  following  table  lists 
components  necessary  for  construction. 

Quantity  Item 

16  2N404 

16  8.  2k  Q  1/2-watt  Resistors 

16  33k  Q  1/4-watt  Resistors 

Transipads  and  Circuit  Board. 
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INPUT 

4 

6 

8 

10 

12 

14 

16 

18 


-AA/V-* 
8.2K 


33  K  <        ~=k= 


OUTPUT 

3 

5 

7 

9 

II 

13 

15 

17 

19 


32 


33 


NOTES : 

ALL   TRANSISTORS   2N404 
8.2  K     RESISTORS     I/2W. 
33  K     RESISTORS    1/4  W. 

5fc  THESE   RESISTORS    REOUIRED 
ON    CIRCUITS   USED     AS 
AMPLIFIERS.    (USUALLY  620  Q,) 


FIGURE32.  INDICATOR/  AMPLIFIER 
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5.8    Universal  Counter 

Logical  Function.     Counts  input  pulses  in  any  radix  (number  base),   up  to  15  and  stores  the 
count. 

Circuits  per  Card.     One 

Input  Load.     Two  pulse  gates  for  data,    one  pulse  gate  for  reset  input. 

Fan-Out.     From  register  storing  count:     Three  level  gates  and/or  five  pulse  gates. 
From  reset/ carry  line:     Five  level  gates  and/or  twenty-five  pulse  gates. 

Power  Requirements.       -12  volts:      120  mA. 

+  12  volts:       5  mA. 

Logic  Diagram.     Figure  35  shows  the  logic  diagram  and  pin  numbers. 

Logical  Application.     Most  counter  cards  are  set  to  count  in  only  one  radix  or  number 
system.     A  decimal  card,    for  example,   will  count  to  9  and  then  reset.      This  card  will 
count  to  any  number  up  to  15  before  resetting,    and  the  number  can  be  set  with  jumpers  on 
the  card.     At  the  end  of  the  count,    a  4-microsecond  long  pulse  with  a  fan-out  of  25  gates 
is  emitted  from  the  "carry  out"  line.     A  reset  input  permits  premature  resetting  of  the 
stored  count.     In  addition  to  the  reset  output,    the  contents  of  the  count  register  are  also 
available.     Multi-stage  counters  are  simplified  by  the  presence  of  the  special  carry  line 
for  cascading. 

Input  Signal  Requirements.       Positive  level:        0  volts  to     -0.2  volts. 

Negative  level:       -6  volts  to    -12  volts. 
Input  impedance:    0.  001  microfarad  to  ground. 
Minimum  dv/dt:      6  volts  per  microsecond. 
Minimum  pulse  width:    4  microseconds. 

Output  Signal  Characteristics. 

I.     Stored  value  outputs.      Positive  level:      0  volts  to  -0.2  volts. 

Negative  level:      -6  volts  to  12  volts. 

Output  impedance:     Positive  level:     Through  saturated 
transistor  to  ground. 

Negative  level:     620  ohms  to  -12  volts. 

II.      Reset/ carry  line  output:       Pulse 

Positive  level:        0  volt  to  -0.2  volt. 

Negative  level:       -12  volts. 

Pulse  duration:      4 microseconds. 

Pulse  polarity:      Positive  going  from  the  negative  line  level. 

Minimum  dv/dt:    Rise:      60  volts  per^s  (no  load) 

Fall:       6  volts  per^s. 
Output  impedance:      0.3  ohms  to  ground. 
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Circuit  Description.      The  schematic  diagram  is  shown  in  Figure  36. 

This  is  a  simple,    four  stage  binary  counter  consisting  of  four  T-input     flip-flops, 
wired  in  cascade.      A  gate  circuit  on  the  pulse  input  looks  at  the  contents  of  the  counter. 
When  these  contents  reach  the  value  set  by  the  patching  on  the  rear  connector,    the  next 
pulse  is  prevented  from  reaching  the  counter  input,    and  is  instead  diverted  to  trigger  a 
four  microsecond  one-shot  which  resets  the  counter  by  grounding  the  collectors  on  the 
"0"   side  of  each  flip-flop  through  suitable  isolating  diodes.      This  output  is  available  to 
trigger  flip-flops  or  other  counters.     An  extra  input  directly  to  the  one- shot  allows  re- 
setting of  the  counter  at  any  time. 

Application  Notes.     To  set  the  radix  of  the  counter,    jumpers  should  be  placed  on  the  rear 
connector  as   shown  in  the  logic  diagram,    Figure  3  5.      An  output  from  each  counter  stage 
representing  the  binary  value  of  the  counter  is  available  on  the  pins   shown.     THESE  OUT- 
PUTS SHOULD  NOT  BE  USED  FOR  ANY  LOGIC  EXTERNAL  TO  THE  COUNTER  CARD. 
Subtract  one  from  the  binary  value  of  the  desired  radix  and  patch  this  into  the  pins  la- 
belled "AND  gate  inputs". 

Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom  Cause 


Remedy 


Counter  will  not  count.  Reset  pulse  occurring  Check  "AND"  gate 

on  every  input  pulse.  patching. 

Counter  will  not  count.  Reset  pulse  occurring  Shorted  gate  trans- 

on  every  input  pulse.  istor  -   replace. 

Counter  will  not  count.  Insufficient  input  dv/dt.  This  card  is  more 

susceptible  to  this  problem 
than  many.     Increase  dv/dt 
with  comparator  card  or 
high -impedance  amplifier. 

Construction  Information,     Figure  37  shows  the  component  layout.      The  following  table 
lists  the  parts  necessary  for  construction.  lonouing  table 

QuantitY  Item 

10  2N404 

1  2N659 


19 


DR435 


8 

2 

11 


7  Test  Jacks 

9  33k  m/4-watt  Resistors 

33k  n  1/2-watt  Resistor 
9  620  ohm  1/2-watt  Resistors 

3.  9k  Q  1/2-watt  Resistors 

3.  9k  n  1/4-watt  Resistor 
9  5.  Ik  0  1/4-watt  Resistors 

Ik  Q  1/2-watt  Resistors 
1  0.002  nF.    Capacitor 

9  0.001  aF.    Capacitors 


11 
1 
9 
2 


200  or  220  pF.    Capacitors 
500  pF.    Capacitors 

Transipads  and  Circuit  Board  Jumpers 
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5.  9     16  X  16  Matrix 

Logical  Function.      This  card  is  a  convenient  board  on  which  diodes,    resistors,    and  other 
components  may  be  mounted.      It  is  laid  out  to  permit  connecting  up  to  16  input  lines  to  any 
or  all  of  16  output  lines. 

Card  Layout.     Sixteen  by  sixteen  square  matrix. 

Logic  Diagram.     Figure  39  shows  the  logic  diagram  and  pin  numbers.     This  diagram  is 
designed  so  that  copies  of  it  may  be  used  to  indicate  the  component  layout  used  in  any 
application. 

Logical  Application.      A  matrix  may,    as  an  example,    be  used  for  converting  data  from  one 
code  format  to  another.      A  16  X  16  matrix,    in  conjunction  with  amplifiers,    may  be  used 
to  assemble  up  to  1  6  characters  as  unique  combinations  of  up  to  16  lines.     In  other  appli- 
cations,   it  may  be  used  to  mount  diodes  for  large  AND  or  OR  gates,    and  an  amplifier 
placed  at  the  output  to  restore  logical  levels. 

Circuit  Description.     Components  as  desired  are  mounted  on  the  board  with  their  major 
axes  perpendicular  to  the  card.     Horizontal  lines  are  on  the  top  of  the  card,    vertical  ones 
on  the  bottom.      The  lines  on  top  are  brought  electrically  through  the  board  with  eyelets, 
and  from  there  to  the  connector.     One  lead  of  each  component  is  soldered  to  the  conductor 
on  the  top  of  the  board  as  the  lead  passes  through.      The  other  lead  is  soldered  to  a  con- 
ductor on  the  bottom  of  the  board. 

Trouble  Shooting.     Solder  joints  on  the  bottom  of  the  board  sometimes  overflow  the  bound- 
aries of  the  printed  conductor  and  short  to   adjacent  conductors.     (Some  close  spacing 
exists  in  various  places.  )    Inspection  with  a  magnifying  glass  generally  reveals  otherwise 
mysterious  short  circuits. 

Construction  Information.     Figure  40  shows  the  conductor  layout  of  the  bottom  side  of  the 
cards.      There  are  no  components   supplied,    as  these  vary  with  application. 
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5.  10     Coil  Driver 

Logical  Function.      The  coil  driver  provides   a  means  of  switching  the  current  in  devices 
requiring  up  to  1   1/2  amperes  of  current,    with  control  supplied  by  ordinary  logic  levels. 
The  controlled  device  should  have  its  own  power  supply. 

Circuits  per  Card.     Five. 

Input  Load.     One  standard  level  gate. 

Fan-Out.     Not  applicable  in  the  normal  sense.     See  Logical  Application. 

Power  Requirements.         -12  volts:     12  mA  for  each  energized  circuit. 

+  12  volts:     12  mA  at  all  times. 

Logic  Diagram.   Figure  42  shows  the  logic  diagram  and  pin  numbers. 

Logical    Application.      This  package  was  originally  intended  for  driving  the  magnets  asso- 
ciated with  a  paper  tape  perforator.     It  is  still  used  in  this  application,    and  has  found 
further  use  driving  relays  and  other  high  current  devices.     It  is  also  used  to  control  logic 
circuits  where  a  line  capable  of  handling  large  logic  currents  must  be  grounded. 

Input  Signal  Requirements.       Positive  level:  0  volts  to  -0.2  volts. 

Negative  level:  -6  volts  to  -12  volts. 

Input  impedance:       3900  ohms  sink  to  ground  shunted  by 
220  pF.    (standard  AND  inverter). 

Output  Signal  Characteristics.       Positive  level:       0  volts  at  approximately  0.2  ohms 

(saturated  transistor) 

Negative  level:      Depends  on  external  supply. 

Maximum  allowed:      -60  volts. 

Maximum  current  capacity  to  ground: 

Absolute  maximum:     3.  5  amperes 
Recommended  maximum:     1.  5  amperes. 

Circuit  Description.     The  circuit  diagram  is   shown  in  Figure  43.      A  standard  NAND  gate 
is  used  to  drive  an  intermediate  and  a  power  transistor  wired  in  a  modified  Darlington 
configuration.      The  2N1039  transistor  is  rated  for  operation  at  3.  5  amperes  collector 
current,   with  a  maximum  voltage  of  60  volts.      The  heat  dissipation  facilities  on  the  card 
in  free  air  are  not  adequate  to  maintain  a  safe  junction  temperature  at  this  current. 
Therefore  the  maximum  recommended  current  is   1.  5  amperes  per  circuit.     Since  consid- 
erable power  is  dissipated  during  the  transitions  from  cutoff  to  saturation  and  vice-versa, 
further  derating  of  current  carrying  capacity  should  be  done  at  frequencies  above  1000 
cycles  per  second.      Percentage  of  "on  time"  (duty  cycle)  is  not  limited. 

An  arc  suppressor  diode  is  brought  from  the  collector  of  each  transistor  to  a  point 
which  should  be  connected  to  the  common  negative  terminal  of  the  power  supply  if  the  load 
contains  inductive  components. 
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Trouble  Shooting.     The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom 
Output  remains  grounded. 


Cause 


Shorted  2N1039  or  2N398. 


Remedy 

Replace  and  check 
1N2069 


Output  will  not  go  to 
ground. 

Interferes  with  operation 
of  other  cards  wired  to  it. 


Shorted  2N404. 


Shorted  DR435. 


Replace 


Replace 


Construction  Information.     Figure  44  shows  the  component  layout  of  the  card  and  the  table 
below  lists  the  required  components. 


Quantity 

5 
5 
5 
5 
10 
5 
5 

5 
10 
5 
5 
5 
5 
5 
6 


Item 

2N1039 

2N398 

2N404 

1N2069 

DR435 

Test  Jacks 

Wakefield   NF205  Dissipators  (or  equivalent) 

for  2N1039's 
10k  ai/4-watt  Resistors 
33kQl/4-watt  Resistors 
3k  Ql/4-watt  Resistors 
3.  9k  n    1/4-watt  Resistors 
Ik  Q  1/2-watt  Resistors 
220  (or  200)  pF.     Capacitors 
500  pF.    Capacitors 
Jumpers 
Transipads  and  Circuit  Board 
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5.11     Comparator /Gate 

Logical  Function.      The  comparator  section  sets  or  resets  a  flip-flop  depending  on   whether 
an  analog  input  voltage  is  more  positive  or  more  negative  than  a  reference  input.     The 
gate  section  is  two  standard  AND/OR  inverter  circuits. 

Circuits  per  Card.     Two  comparators. 

Two  three -input  gates. 

NOTE:     detailed  information  about  the  gates  may  be  found  in  the 
section  on  the  AND/OR  inverter. 

Input  Load.     Analog  voltage  input. 

Fan-Out.    Four  standard  level  gates  and  five  standard  pulse  gates. 

Power  Requirements.       -12  volts:         40  mA.   per  comparator,    plus 

20  mA.   for  each  gate  output  at  0  volt. 
10  mA.   for  each  gate  output  at  -6  volts. 

+12  volts:         20  mA  for  each  comparator. 

Logic  Diagrams.      Figure  46  shows  the  logic  diagram  for  the  comparator  section.     Figure 
47  shows  the  logic  diagram  for  the  gate  section. 

Logical  Application.  Whenever  a  non- standard  signal,  such  as  a  contact  closure  or  pulse 
from  a  magnetic  pickup  will  be  used  as  a  logic  signal,  this  circuit  will  "square  it  up"  and 
provide  completely  compatible  levels  and  rise-times.  For  timing  applications,  it  is  use- 
ful for  squaring  the  output  of  sine  wave  oscillators.  A  reference  level  is  established 
either  with  the  internal  trimpot  or  externally.  Crossings  of  this  level  by  the  analog  input 
signal  cause  a  change  of  state  of  the  output  flip-flop. 

Input  Signal  Requirements.       Analog  input:     Any  voltage  between    -12  and    +12  volts. 

Any  wave  shape. 

Any  frequency  up  to   100  kHz. 

Impedance:     10,  000  ohms  at  d-c.      1,  500  ohms  at  100  kHz. 

Reference  input:     Any  d-c  voltage  between  +12  volts 

and    -12  volts. 
Impedance:     10,  000  ohms. 

Input  hysteresis:     0.  01  volts  at  d-c.     0.  06  volts  at  100  kHz. 

Output  Signal  Characteristics.       Positive  level:     0  volts  to    -0.2  volts. 

Negative  level:     -6  volts  to    -12  volts. 

Minimum  dv/dt:   6  volts  per  microsecond. 
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Circuit  Description.      The  circuit  diagram  is  shown  in  Figure  48. 

Normally,    a  Schmitt  trigger  circuit  would  be  used  in  this  application.     Such  a  circuit 
will  sometimes  display  the  difficulty  that,    over  a  small  region  near  the  transition  point, 
the  output  follows  the  input  signal.      This  would  not  guarantee  a  minimum  rise  time.     For 
this  reason,    the  classic  Schmitt  circuit  has  been  modified  for  this  card. 

The  input  signal  is   resistively  mixed  with  the  reference  input  to  produce  a  single  d-c 
level.      This  level  is  applied  to  an  amplifier  with  a  gain  of  10  and  a  d-c  reference  of    +4 
volts.      The  output  of  this  drives  a  complementary  inverted  emitter-follower  for  increased 
current  gain.      This  stage  can  either  inject  current  into  or  rob  current  from  the  base  of  the 
first  flip-flop  transistor,    changing  its  state.      Two  parallel  reversed  diodes  provide  con- 
duction except  around  0  volts,    where  the  impedance  of  the  combination  increases,    thus 
decoupling  the  flip-flop  from  the  amplifier. 

Trouble  Shooting.      The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom 


Cause 


Remedy 


Output  will  not  change 
state. 


Input  d-c  level  not  crossing 
trigger  point. 


Jumper  E  ,  from  trimpot 
to  reference  input.  Adjust 
for  proper  operation. 


Output  will  not  change 
state. 


Shorted  flip-flop 
transistor. 


Replace. 


Circuit  oscillates, 


Shorted  DR435  in  decoup- 
ling circuit. 


Replace. 


Construction  Information.     Figure  49  shows  the  component  layout  of  the  card  and  the  table 
below  lists  the  required  components. 


Quantity 

8 

2 

10 

2 


Item 

2N404 

2N1302 

DR43  5 

Wakefield  NF205  Heat  Dissipators  (or  equivalent) 

for  2N1302's 
Test  Jacks 

10k  Q  Trimmer  Potentiometers 
3.  9k  QResistors 
620  ohm  Resistors 
33k  0  1/4-watt  Resistors 
2k  Q  Resistors 
15k  fi  Resistors 
Ik  Q  1/4-watt  Resistors 
3k  rj  Resistors 
10k  0  1/4-watt  Resistors 
10k  Q  1/2-watt  Resistors 
0.001  nF,    Capacitors 
200  (or  220)  PF.   Capacitors 
500  pF.    Capacitors 
Transipads  and  Circuit  Board 


82 


m 


CM 


*s 


z 

z 

UJ 

UJ 

A 

V 

u. 

UJ 

or 

Ul 

UJ 

UJ 

/ut 


ft 

o  - 


i- 
u 

UJ 

cr 

< 
cr 

2 


UJ 


Ul 

a: 

I 

a: 

2 

s 


3 
Q. 


9 
< 

z 


UJ  •- 
Uj  O 


or  f= 


ui 


^"   CM 


*8 


CM  5 


UJ 

or 

=> 
O 


83 


CD  <M 

CM  to 

h-  — 
KfO 

(£>  O 
cMfO 


CM  CM 


Zi 

u 

QT 
U 

or 
o 


to 

< 


UJ 

T 

o 

< 


o.  2 

H  CD 


to 


CO  CM 

t- 

CMK> 

ra 

u 

r»-  — 

or 

cm  ro 

u 

U>  Q 

CM  fO 

Q 

z 

< 

z 

in 

< 

m  cn 

CM  CM 

to 

UJ 

or 

UJ 

to 

UJ 

o 
or 

I 
1 

O 
u 

UJ 

or 

O 


84 


'vQ 


o 


o 
-AAAr- 


< 

2 
<n 

UJ 

tr 

UJ 
V) 

UJ 

I- 
< 

< 

< 
Q. 

2 
O 

UJ 

<r 

O 


Q? 


> 


r> 


o:  ±  *  <m 

UJ 

<  — 


1X1  -1         -* 

u.O        CO 


Q 

Z 

o 


85 


*  MIN    PERMISSIBLE   SPACE    FROM   EDGE    OF  CONDJCTOR  TO   EDGE    OF    BOARD 


FIGURE     49 
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5.  12    Ripple  Register 

Logical  Function.     This  card  serves  as  one  stage  of  a  four-bit-per-character  shift  regis- 
ter,    or  as  one  stage  of  a  self- shifting  register  known  as  a  ripple  register. 

Circuits  per  Card.     One,    providing  all  necessary  logical  functions,    including  visual 
indication. 

Input  Load.     Data  inputs 

par.    and  ser. 

a.l£o_re set_ C .       L°_a.d  input      Sense  input        Clock  input        C  in 

Pulse  gates  1  ea.  5  ea.  0  0  1 

Level  gates  1  inverted  1  1 

Fan-Out.  Data  outputs 

par_._and_C_out_      Sens  e_  output^ 

Pulse  gates              5  5 

Level  gates              4  3 

Power  Requirements.         -12  volts:  140  mA. 

+  12  volts:  5  mA. 

Logic  Diagrams.     Figure  51   shows  the  diagram  used  to  symbolize  the  external  logic  of  the 
circuit.     Figure  52  shows  the  internal  logic  of  the  card. 

Logical  Application.     A  ripple  register  is  a  self- shifting  register.     Data  may  be  loaded  in- 
to any  point,    and  it  will  automatically  shift  until  it  assumes  a  position  adjacent  to  pre- 
viously loaded  data.     In  order  that  the  register  be  logically  able  to  distinguish  a  true  data 
character  from  an  empty  stage,    a  special  control  bit  is  attached  to  each  stage.     If  this 
bit,    stored  in  an  integral  flip-flop,    is  a  logical  1,    the  character  is  valid.     If  this  bit  is 
zero,    the  stage  does  not  contain  data,    and  previous  stages  are  instructed  to  shift  true  data 
down  to  fill  up  empty  positions. 

Input  Signal  Requirements.       Positive  level:      0  volts  to    -0.2  volts. 

Negative  level:      -6  volts  to    -12  volts. 
Minimum  dv/dt:    6  volts  per  microsecond. 
Input  impedance:     as  follows  - 

Data  inputs 

par.    and  ser. 

also  C  in  Sense  in  Clock  in  Load  Reset  C 

5100  ohms  3900  ohms  3900  ohms  0.005M.F.  0.  001  M.F. 

220  pF.  220  pF.  to  ground  to  ground 

Output  Signal  Characteristics.       Positive  level:        0  volts  to    -0.2  volts. 

Negative  level:       -6  volts  to    -12  volts. 
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Circuit  Description.     The  circuit  diagram  is  shown  in  Figure  53. 

Data:     Four  flip-flops  on  each  card  are  wired  in  a  standard  shift- register  configuration. 
These  flip-flops  may  be  loaded  with  parallel,    complementary  data  from  an  external 
source.     The  gates  for  this  are  mounted  on  the  card.     A  common  load  line  pulses  all  of 
these  gates  at  once.      During  shifting,    other  gates  (also  on  the  card)  receive  a  shift  pulse 
from  the  card's  control  logic  section.      These  pulses  load  the  data  from  the  previous  stage 
into  the  stage  in  question,    thereby  producing  a  shift. 

In  the  collector  circuit  of  each  data  transistor  is  a  No.    80  Brite-eye  lamp,    bypassed 
with  a  220-ohm  resistor.     This  light  is  mounted  in  a  black  shading  bracket  at  the  end  of 
the  card.     The  bracket  is  designed  to  mount  flush  with  the  front  panel  of  the  module  in 
which  the  card  is  mounted,    and  therefore  serves  as  an  indictor  showing  the  contents  of  the 
register.      The  lamp  is  rated  at  3  volts,    8mA.      The  bypass   resistor  allows  operation  to 
continue  unaffected  if  the  bulb  burns  out. 

The  data  input  and  output  terminals  of  the  data  section  are  designed  so  that  the  wiring 
of  groups  of  these  cards  in  a  register  is  considerably  simplified.     A  uniform  manner  of 
wiring,    very  simple  in  production  and  trouble  shooting,    is  thereby  insured. 

Control:     One  flip-flop  is  used  to  store  the  control  bit  that  indicates  to  the  module 
logic  whether  or  not  the  contents  of  the  card  are  valid.      This  bit  is  set  to  1  when  a 
character  is  loaded.     In  order  to  indicate  to  the  card  that  a  valid  character  is  being 
loaded,    the  resistor  labeled  SET  C  is  grounded,    and  the  load  bus  is  then  pulsed,     (if  valid 
characters  will  always  be  loaded,    the  resistor  may  be  wired  to  ground.  )    This  gates  the 
load  pulse  into  the  flip-flop,    and  C  is  set.      A  shift  pulse  shifts  the  contents  of  C,    comple- 
mented,   to  the  C  bit  of  the  next  card  down  the  line,    and  loads  the  C  bit  from  the  previous 
card. 

A  line  called  the  SENSE  line  goes  through  each  card.      The  purpose  of  this  is  to  re- 
port to  the  card  the  fact  that  there  are  points  downstream  in  the  register  where  an  invalid 
character  is  stored.     This  fact  causes  a  shift.      The  sense  line  coming  from  downstream 
is  wired  to  the  SENSE  IN  terminal,    where  a  reversed  OR  gate  (for  positive  levels)  OR's  it 
with  the  contents  of  C.      This  is  then  inverted  twice  (once  for  logical  reasons,    once  to 
maintain  levels),    and  is  then  sent  out  to  SENSE  OUT  to  go  to  the  next  card.      The  next 
card,    therefore,    sees  a  positive  sense  line  if  any  card  downstream  from  it  is  empty. 

If  the  sense  line  in   a  given  card  is  positive,    it  indicates  that  a  shift  is  necessary. 
The  sense  line  is  therefore  used  to  open  a  regular  AND-inverter  gate,    which  allows  the 
next  module  clock  pulse  to  generate  a  shift  pulse  in  the  card.     Only  those  cards  upstream 
from  an  empty  character  will  shift  at  this  time. 

When  the  module  is  being  used  as  a  serializing  register,    it  is  necessary  to  cause  a 
shift  after  the  last  character  in  the  register  has  been  used  by  the  system.     This  is  done  by 
externally  pulsing  the  RESET  C  gate  of  this  character.      This  immediately  "annihilates" 
the  character  by  making  the  logic  consider  it  empty.      The  register  shifts  on  the  next  clock 
pulse. 
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Trouble  Shooting.     The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom 

Register  does  not  display 
proper  contents. 

Register  does  not  display 
proper  contents. 

Register  does  not  display 
proper  contents. 

Register  does  not  display 
proper  contents. 

Register  stops  rippling 
at  defective  stage. 

Register  stops  rippling 
at  defective  stage. 


Cause 
Burned-out  No.    80  lamp. 

Not  loading  properly. 


Shorted  transistor  in 
data  flip-flop. 

Valid  character  bit  not 
loaded. 

Shorted  transistor  in 
SENSE  line. 

Proper  negative -going 
clock  pulse  not  arriving 
at  card. 


Remedy 
Replace. 

Check  rise-time 
of  load  pulse. 

Replace. 

Ground  SET  C 
terminal. 

Replace. 

Check  and  repair. 


Construction  Information.     Figure  54  shows  the  component  layout  on  the  circuit  board. 
Figure  55  is  a  mechanical  drawing  of  the  lamp  bracket  holding  the  indicators.     The  table 
below  lists  the  required  component. 


Quantity 

4 

14 
24 

1 
14 

7 

4 
22 
13 

3 

4 
20 
13 

1 


Item 

Cal-Glo  No.    80  Lamp  and  Brite-Eye  C  Holders 

(or  equivalent) 
2N404 
DR435 
Test  Jack 

33k  CI  1/2-watt  Resistors 
620  ohm  Resistors 
470  ohm  Resistors 
5.  Ik  Q  Resistors 
3.  9k  QResistors 
Ik  QResistors 
220  ohm  Resistors 
O.OOluF.    Capacitors 
220  pF.    Capacitors 
Lamp  Bracket 
Transipads  and  Circuit  Board 
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MATERIAL: 

BLACK    LUCITE 


4  HOLES 
No.  I  DRILL 


2  HOLES 
No.27  DRILL 
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FIGURE    55.   LAMP    HOLDER 
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5.  13     Ripple  Spacer  Card 

Logical  Function.     To  use  a  ripple  register  with  fewer  than  the  design  number  of  stages, 
certain  jumpers  must  be  wired  on  the  connectors  of  the  omitted  cards.     In  addition,    the 
panel  cutout  must  be  filled  with  a  blank  spacer  matching  the  indicator  bracket.      This  card 
fulfills  those  functions. 

Power  Requirements.     None. 

Circuit  Description.      The  following  pins  are  jumpered  on  the  card. 

3-4 

5-6 

7-8 

9-10 
11-12 
13-14 
15-16 
17-18 
19-20 
32-33 

Construction  Information.     The  dummy  lamp  bracket  conforms  to  the  same  mechanical 
drawing  as  the  proper  bracket  shown  in  Figure  55,    except  that  holes  for  the  bulbs  are  not 
drilled.     Figure  57  shows  the  layout  of  the  etched  conductors  on  the  card. 
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5.  14    High  Impedance  Amplifier 

Logical  Function.     Each  circuit  performs  the  logical  inversion,    or  NOT  function,    and  also 
acts  as  a  noise-rejecting  amplifier. 

Circuits  per  Card.     Sixteen. 

Input  Load.     One-quarter  of  one  level  gate. 

Fan-Out.     Five  level  gates  and  five  pulse  gates. 

Power  Requirements.      -12  volts:      20  mA.   for  each  output  at  0  volts. 

10  mA.   for  each  output  at  -6  volts. 
0  mA.   for  each  output  at  -12  volts. 

+  12  volts:    1.  1  mA.   per  circuit. 

Logic  Diagram.     Figure  58  gives  the  logic  diagram  and  pin  numbers. 

Logical  Application.     This  amplifier  is  primarily  used  to  generate  the  Boolean  NOT  or 
inversion  function.     It  is  also  used  as  a  buffer  between  the  output  of  a  diode  matrix  or 
other  passive  logic  system  and  further  circuits  either  active  or  passive.     Its  high  input 
impedance,    combined  with  optimum  noise  rejection,    makes  it  ideal  for  this  application. 
For  a  seven-input  AND  gate,    for  example,    the  diodes  would  be  mounted  on  a  matrix  card 
or  terminal  board  and  the  amplifier  would  be  used  to  bring  the  output  of  the  gate  to  stan- 
dard levels  and  impedances. 


Input  Signal  Requirements.     Positive  level: 

Negative  level: 
Input  Impedance: 


0  volts  to  -0.2  volts. 
-6  volts  to  -12  volts. 
16,000  ohms. 


Input  noise  rejection:    around  ground:        2  volts, 

around  -6  volts:     3  volts, 


Output  Signal  Characteristics:     Positive  level: 


Negative  level: 


0  volts  to  -0.2  volts  at 
approximately  10  ohms. 

-12  volts  at  620  ohms. 


Circuit  Description.     The  circuit  diagram  is  shown  in  Figure  59.      This  consists  of  a  simple 
grounded  collector  amplifier  feeding  directly  into  a  simple  inverter.      The  circuit  constants 
have  been  arranged  so  that  the  output  will  begin  changing  from  -6  volts  when  the  input 
passes  -2.  5  volts  going  negative,    and  will  reach  0  volts  when  the  input  passes  -3  volts. 
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Trouble  Shooting.     The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggests  probable  causes  and  remedies. 


Symptom 


Cause 


Remedy 


Output  remains  at 
-6  volts. 


Shorted  input  leads. 


Check  with  ohmmeter, 
repair. 


Output  remains  at 
ground. 


Shorted  transistor. 


Replace. 


Construction  Information.     Figure  60  shows  the  component  layout  of  the  card.     Figure  61 
shows  the  etching  on  the  reverse  (component)  side  of  the  board.      The  table  lists  the    re- 
quired components. 


Quantity 


Item 


32 
16 
16 
16 
16 
16 
16 


2N404  Transistors 

620  ohm,    1/2-watt,    5%  Resistors. 

1000  ohm,    1/4-watt,    5%  Resistors. 

16  1/4-watt,    5%  Resistors. 

2000  ohm  1/4-watt,    5%  Resistors 

10  1/4-watt,    5%  Resistors. 

Test  Jacks. 

Transipads  and  Circuit  Board. 
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5.  15    Oscillator /One- shot 

Logical  Function.     This  circuit  is  a  universal  timing  device.     It  can  be  used  as  a  free- 
running  pulse  oscillator,    a  keyed  pulse  oscillator,    or  a  one-shot  time  delay  generator. 

Circuits  per  Card.     Two. 

Input  Load.     Flip-flop  inputs:    One  standard  pulse  gate. 

Oscillator  keying  inputs:    One  standard  level  gate. 

Fan-Out.     Flip-flop  and  oscillator  outputs:     Four  standard  level  gates  and 

five  standard  pulse  gates - 

Power  Requirements:      -12  volts:      60  mA.   per  circuit. 

+12  volts:         9  mA.   per  circuit. 

Logic  Diagrams.     Figures  63  through  65  show  the  logic  diagrams  and  pin  numbers  for  all 
three  applications. 

Logical  Application.     When  wired  as  a  free- running  oscillator,    it  can  be  used  as  a  clock 
for  the  generation  of  sync  pulses  for  a  module  or  system.     It  may  also  be  used  as  a  pulse 
generator  for  design  or  troubleshooting  procedures.     An  external  terminal  is  brought  out 
for  the  variation  of  running  frequency,    and  this  can  be  used  to  operate  the  card  as  a 
voltage- controlled  oscillator    (VCO). 

When  wired  as  a  keyed  oscillator,    it  can  be  used  as  a  clock  for  some  intermittent  or 
controlled  function,   whenever  a  string  of  pulses  must  be  turned  on  and  off.     A  flip-flop 
built  into  the  card  is  most  often  used  to  control  the  oscillator,   but  logic  levels  from  any 
source  may  be  used. 

When  wired  as  a  one- shot,   it  can  be  used  for  all  time- delay  and  time- aperture  appli- 
cations explained  in  the  description  of  the  one- shot  card. 

Input    Signal  Requirements: 

Positive  level:      0  volts  to     -  0.2  volts. 

Negative  level:      -6  volts  to    -12  volts. 

Input  impedance:  Flip-flop:     0.  OOluF  to  ground. 

Oscillator  control  input:      3.9k      ohms  to  ground- positive  level 

suppresses  oscillation. 
Minimum  dv/dt:    For  flip-flop:     6  volts/|0,s 
Frequency  control  input:     10,  000  ohms. 

Output  Signal  Characteristics. 

Positive  level:     0  volts  to  -0.2  volts  at  approximately  10  ohms. 

Negative  level:     -12  volts  at  620  ohms. 

Minimum  dv/dt:  6  volts  per  microsecond. 

Maximum  frequency:     200  KHz 

Minimum  frequency:     200Hz   (without  external  capacitors) 

Frequency  range  of  trimpot:     At  least  10:1  with  any  capacitor. 

VCO  sensitivity:    2KHz  1  Volt  at  lOKHz. 

VCO  range:    At  least  10:1 

VCO  linearity:     Depends  on  trimpot  setting. 
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Circuit  Description.      The  circuit  diagram  is  shown  in  Figure  66.     One-half  of  this  circuit 
is  a  standard  flip-flop  as  described  elsewhere.    There  are  no  internal  connections  to  the 
other  half  of  the  circuit.     The  operation  of  the  flip-flop  will  not  be  described  here. 

Consider  that,    originally,    the  timing  capacitors  are  discharged  (-12  volts  on  both 
plates),    and  that  Q3,    4,    5,    and  6  are  all  cut  off.     The  timing  capacitor  charges  from  the 
source  voltage  (internal  or  external)  towards  ground.      The  capacitor  "sees"   6.2  volts  less 
than  applied  because  of  the  action  of  the  zener  diode,    which  is  now  acting  in  the  reverse 
direction.     This  voltage  is  applied  to  the  emitter  of  the  unijunction  transistor  Q6,   which  is 
not  conducting.     When  the  emitter-base  #1  voltage  of  the  unijunction  reaches  the  charac- 
teristic voltage  of  that  device,    it  begins  to  conduct,    and  starts  to  discharge  the  timing 
capacitor.     When  it  conducts,    however,    this  pulls  the  base  of  Q3  negative,    and  it  conducts. 
This  turns  on  Q4,    allowing  Q5  to  conduct.     Q5  discharges  the  timing  capacitor  much  more 
quickly  than  Q6  would  be  able  to  do  unaided. 

When  Q3  conducts,  it  brings  pin  17  to  ground.  If  pin  17  is  jumpered  to  pin  16,  giving 
Q3  a  620-ohm  collector  load,  an  output  pulse  of  5  to  10  microsecond  width  and  of  standard 
logic  levels  will  be  produced. 

If  pin  15  is  grounded,    Q4  turns  on,    turning  on  Q5.     This  low- resistance  path  appears 
across  the  timing  capacitors,    preventing  them  from  charging.      The  circuit  therefore  does 
not  oscillate.      This  point  may  be  tied  to  any  logic  level  for  use  in  keying  the  oscillator. 
The  flip-flop  on  the  card  is  especially  useful  for  this  function,    since  the  oscillator  may 
then  be  turned  on  and  off  by  pulses. 

NOTE:     The  first  cycle  of  the  oscillator  will  be  longer  than  the  others  when  it  is  keyed 
"on".     When  the  oscillator  is  not  running,    the  timing  capacitors  discharge  fully.     On  the 
second  and  subsequent  cycles  of  operation,    however,    the  unijunction  transistor  stops  the 
discharging  procedure  before  completion.     The  difficulty  may  be  minimized  by  increasing 
the  charging  voltage.    When  this  is  done',    the  incomplete  discharging  is  no  less,    but  it  is  a 
smaller  fraction  of  the  total  voltage,    and  has  a  correspondingly  smaller  effect.     Increas- 
ing the  charging  voltage  is  accomplished  by  shorting  the  zener  diode,    and  by  making  the 
timing  capacitor  smaller. 

If  pin  17  is  connected  directly  to  the  collector  of  the  flip-flop,    and  the  extra  load  re- 
sistor on  pin  16  is  omitted,    one- shot  action  will  occur  as  follows: 

If  Ql  is  jumpered  to  pin  17  and  the  flip-flop  is  in  the  reset  state,    then  Ql  will  be  con- 
ducting,   and  the  collector  of  Q3  will  be  at  ground.     Q4  will  therefore  be  on,    and  the  oscil- 
lator stopped.     If  the  flip-flop  is  now  set,    Ql   allows  Q4  to  turn  on  and  one  timing  cycle  is 
initiated.      At  the  end  of  that  cycle,    Q3  is  turned  on  by  Q6  in  the  normal  manner,    and  as 
its  collector  goes  to  ground,    it  pulls  Ql  with  it,    thereby  resetting  the  flip-flop  and  pre- 
venting further  oscillation. 
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Trouble  Shooting.     The  following  table  lists  some  troubles  that  may  be  encountered  and 
suggest  probable  causes  and  remedies. 


Symptom 
Oscillator  will  not  run. 

Oscillator  will  not  run. 


One-shot  jitter  or 
oscillator  frequency 
drift,    especially  at 
varying  repetition  rates. 

Wide  variation  of 
frequency  with 
temperature. 


Cause 

Analog  control  voltage 
too  negative. 


Q5  on,    shorting 
timing  capacitor. 


Defective  zener  diode. 


Defective  zener  diode. 


Remedy 

Adjust  trimpot  on  card. 
Check  external  control 
voltage. 

Make  sure  pins  15  and 
17  are  negative,    other- 
wise oscillator  is 
keyed  "off". 

Replace. 


Replace. 


Construction  Information.     Figure  67  shows  the  components  layout,    and  the  list  below 
shows  the  required  parts. 


Quantity 

6 
4 
2 
2 
10 
2 
2 
6 
6 
2 
2 
2 
6 
2 
2 
2 
2 
4 
2 
4 
4 
2 
2 


Item 

2N404  Transistors 
2N2926  Transistors 
2N2646  Transistors 
1N2069  Diodes 
DR435  Diodes 
1N1766  Zener  Diodes 
5000  Q   Trimmer  Potentiometers 
620  ohm,    5%,    1/2-watt  Resistors 
10k      ohm,    5%,    1/2-watt  Resistors 
2.  7k  Q  5%,    1/2-watt  Resistors 
20  ohm,    5%,    1/2-watt  Resistors 
360  ohm,    5%,    1/2-watt  Resistors 
3.9k      ohm,    5%,    1/2-watt  Resistors 
200  ohm,    5%,    1/2-watt  Resistors 
2000  ohm,    5%,    1/2-watt  Resistors 
5.  6k      ohm,    5%,    1/2-watt  Resistors 
Ik      ohm,    5%,    1/2-watt  Resistors 
5.1k      ohm,    5%,    1/4-watt  Resistors 
33k      ohm,    5%,    1/2-watt  Resistors 
220  pF.    disc  Ceramic  Capacitors 
0.001(j,F.     Mylar  Capacitors 
0.  01n,F.  Mylar  Capacitors 
0.  lpF.    Mylar  Capacitors 
Transipads  and  Circuit  Board. 
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